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activation biomarkers (e.g., soluble CD14 [sCD14] and 
soluble CD163), T cell activation biomarkers (e.g., CD4/
CD8 ratio), atherosclerosis and hypercoagulation (e.g., 
D-dimer) [3, 5, 6]. The CD4/CD8 ratio is associated not 
only with chronic inflammatory diseases but also with 
immunosenescence [6], which reduces the immune 
response to novel antigens [7, 8].

Inflammatory biomarkers have been used as endpoints 
in clinical trials, particularly those comparing two-drug 
regimens to three-drug regimens [9]. In a real-world data 
from Japan, we showed that inflammatory biomarkers 
did not change after switching to dolutegravir/lamivu-
dine (DTG/3TC), but there was a mild improvement in 
lipid profiles [10].

Long-acting cabotegravir plus rilpivirine (CAB plus 
RPV) has been reported to have higher satisfaction than 
oral ART [11–13]. On the other hand, CAB plus RPV is 
a treatment that regularly invades the gluteus and the 
administration of drugs by injection has also been noted 

Introduction
Chronic inflammation once elevated by persistent HIV 
infection does not return to the levels seen in non-HIV-
infected individuals, even on effective antiretroviral ther-
apy (ART) [1, 2]. Persistent HIV-related inflammation is 
known to contribute to an increased risk of non-AIDS-
related complications such as cardiovascular disease. 
Continued viral replication in the HIV reservoir, overlap-
ping infections, and bacterial translocation are thought 
to contribute to chronic inflammation [3, 4]. Inflam-
matory biomarkers that have been reported to be asso-
ciated with HIV infection include C-reactive protein 
(CRP), interleukin-6 (IL-6), monocyte and macrophage 
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Abstract
We assessed whether the impact of cabotegravir plus rilpivirine on inflammation reduction differs from that of 
oral antiretrovirals, using real-world data. Inflammatory biomarkers and lipid profiles were followed from baseline 
to 8 months after switching. Seventy-eight participants were analyzed. The CD4/CD8 ratio and C-reactive protein 
did not change. There were transient decreases in CD8 and CD4 counts in the group that switched from the 
dolutegravir-based regimen, but not in the tenofovir alafenamide-based regimen group. High-density lipoprotein 
(HDL) cholesterol increased, resulting in a decrease in the total-cholesterol to HDL cholesterol ratio, whereas there 
was no significant change in low-density lipoprotein cholesterol.
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to cause inflammation of the gluteus medius with fever 
[12, 14, 15].

No real-world data on inflammatory biomarkers or 
lipid profiles after switching to CAB plus RPV in Asians 
have been reported to date. Herein, we compared CRP, 
CD4/CD8 ratio and lipid profiles measured in daily clini-
cal practice before and after switching to CAB plus RPV.

Methods and populations
In this retrospective cohort study, we reviewed routinely 
collected clinical records of people with HIV (PWH) 
who received injectable CAB plus RPV at IMSUT hos-
pital of Institute of Medical Science, The University of 
Tokyo (an HIV/AIDS referral hospital in urban Tokyo), 
between June 2022 and May 2023. Only PWH who had 
been on injectable CAB plus RPV for at least 5 months 
were included. All participants had been on oral CAB 
plus RPV (oral lead-in [OLI]) for at least 1 month. At 
each visit from the start of OLI until 7 months after 
injectable CAB plus RPV administration, i.e., approxi-
mately 8 months after the start of OLI, data on inflamma-
tory biomarkers (i.e., CRP, CD4/CD8 ratio), lipid profiles 
(i.e., High-density lipoprotein cholesterol (HDL-c), Low-
density lipoprotein cholesterol (LDL-c), Total cholesterol 
[T-chol] /HDL-c) were collected. Only test results con-
ducted at regular HIV outpatient visits were included, 
and the results at the irregular visits for other complaints 
(e.g. acute infectious diseases) and at the follow-ups for 
complications were excluded from the analysis. In addi-
tion, in participants who added dyslipidemia medications 
after switching to CAB plus RPV, the data after the start 
of those drugs were excluded from the analysis. Virologi-
cal failure was defined as HIV-RNA ≥ 200 copies/mL at 
the subsequent test when HIV-RNA was initially above 
50 copies/mL. To determine the impact of tenofovir alaf-
enamide (TAF) on lipid and inflammatory biomarkers, 
participants were grouped depending on the regimen 
prior to switching to CAB plus RPV: TAF-based regimen 
group and DTG-based regimen group. TAF-based regi-
men group included bictegravir/emtricitabine/tenofovir 
alafenamide(B/F/TAF), DTG plus F/TAF, raltegravir plus 
F/TAF and RPV plus F/TAF, but not regimens that con-
tain protease inhibitor or boosters. The DTG-based regi-
men included DTG/3TC and abacavir/lamivudine/DTG.

Repeated measures analysis of variance (ANOVA) was 
used to assess whether inflammation biomarkers and 
lipid profiles changed statistically at different time points. 
We used the Wilcoxon signed-rank test to evaluate the 
difference between biomarkers before and after switching 
to CAB plus RPV.

Results
A total of 78 individuals were eligible for the study. There 
were 42 individuals in the TAF-based regimen group and 
32 in the DTG-based regimen group, with no statistical 
difference between these two groups in their respective 
background characteristics other than CD8 cell counts 
(p = 0.015, Additional file 1). There were no virological 
failures; only 2 individuals had HIV-RNA > 50 copies/mL 
at month 0, and 2 participants at month 1. Approximately 
80% of the baseline cases were undetectable (i.e., target 
not detected) (see Additional file 1).

The change in inflammation biomarkers after switching 
to CAB plus RPV was examined using repeated measures 
ANOVA. When all participants regardless of pre-switch-
ing regimens were combined, no significant change in 
CRP (p = 0.52) was found (see Additional file 2). There 
was no significant change in CRP in either the TAF-
based regimen group (p = 0.35) or DTG-based regimen 
group (p = 0.68). In all participants combined, no signifi-
cant change in CD4/CD8 ratio (p = 0.44) was found. The 
p-values in Fig.  1 were results of the Wilcoxon signed-
rank test. CD8 counts decreased at month 3 (median of 
difference − 57 cells/µL p = 0.0004, Fig.  1C). CD4 counts 
also decreased at month 3 (median of difference − 44 
cells/µL, p = 0.0026, Fig.  1B) and at month 7 (median of 
difference − 33 cells/µL, p = 0.043). In the TAF-based 
regimen group, there was no significant change in either 
CD4 counts (p = 0.53) or CD8 counts (p = 0.20) between 
different time points using repeated measures ANOVA. 
On the other hand, in the DTG-based regimen group, the 
CD4/CD8 ratio (p = 0.056) was not significantly different, 
but CD4 counts (p = 0.0018) and CD8 counts (p = 0.0016) 
were significantly decreased. In the DTG-based regi-
men group, theses biomarkers at baseline OLI initiation 
and at month 3 were compared by Wilcoxon signed-
rank test. CD4 counts (median of difference − 76 cells/
µL, p = 0.0005, Fig. 1H) and CD8 counts (median of dif-
ference − 94 cells/µL, p = 0.0007, Fig.  1I) were decreased 
significantly.

The change in lipid profiles after switching to CAB plus 
RPV was examined using repeated measures ANOVA. 
Including all participants regardless of pre-switching 
regimens, after switching to CAB plus RPV, there was 
a significant increase in HDL-c (p = 0.0001), a signifi-
cant decrease in T-chol/HDL-c (p = 0.0013), whereas 
LDL-c did not change after switching to CAB plus RPV 
(p =
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Fig. 1 Changes in CD4/CD8 ratio after switching to cabotegravir plus rilpivirine. Changes in CD4/CD8 ratio (A), CD4 counts (B), and CD8 counts (C) before 
and after the switch to cabotegravir plus rilpivirine in all participants are shown. The analysis for each antiretroviral therapy regimen prior to switching 
shows changes in CD4/CD8 ratio (D), CD4 counts (E), and CD8 counts (F) in the TAF-based regimen group, and changes in CD4/CD8 ratio (G), CD4 counts 
(H), and CD8 counts (I) in the DTG-based regimen group. Baseline, at the start of oral-lead-in; month 0, at the start of injectable cabotegravir plus rilpivirine. 
The p-values in the graphs are calculated by the Wilcoxon signed-rank test comparing the values at baseline and at month 3. TAF, tenofovir alafenamide; 
DTG, dolutegravir
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Fig. 2 Changes in lipid profiles after switching to cabotegravir plus rilpivirine. Changes in HDL-c (A), T-chol/HDL-c (B), and LDL-c (C) during the switch to 
cabotegravir plus rilpivirine in all participants are shown. The analysis for each antiretroviral therapy regimen prior to switching shows changes in HDL-c 
(D), T-chol/HDL-c (E), and LDL-c (F) in the TAF-based regimen group, and changes in HDL-c (G), T-chol/HDL-c (H), and LDL-c (I) in the DTG-based regimen 
group. Baseline, at the start of oral-lead-in; month 0, at the start of injectable cabotegravir plus rilpivirine. HDL-c, high-density lipoprotein-cholesterol; T-
chol, total cholesterol; LDL-c, low-density lipoprotein-cholesterol. The p-values in the graphs are calculated by the Wilcoxon signed-rank test comparing 
the values at baseline and at month 7. TAF, tenofovir alafenamide; DTG, dolutegravir
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Discussions
In this study, there were no significant changes in inflam-
matory biomarkers (i.e., CRP and CD4/CD8 ratio) 
regardless of the regimen prior to switching to CAB plus 
RPV. A temporary decrease in CD4 and CD8 counts was 
observed after switching to CAB plus RPV in the DTG-
based regimen group. The decrease in CD8 counts may 
lead to an improvement in T cell-mediated chronic 
inflammation [16, 17]. A decrease in CD4 counts could 
be a serious problem related to cellular immunodefi-
ciency, however the CD4 counts appeared to improve 
in month 7. Furthermore, the simultaneous decrease in 
CD4 and CD8 may be associated with acute inflamma-
tion after the administration of injectables, but the asso-
ciation is unclear because CRP levels did not change. 
No change in CD4 or CD8 counts was observed in the 
TAF-based regimen group. The sole significant disparity 
in baseline background factors between the two groups is 
the higher CD8 counts in the DTG-based regimen group 
compared to the TAF-based regimen group (see Addi-
tional file 1).

Lipid profiles could be associated with chronic inflam-
mation. In this study, after switching to CAB plus RPV, 
T-chol/HDL-c improved significantly, while LDL-c 
remained unchanged. Because of the lipid-lowering 
effect of tenofovir disoproxil fumarate (TDF) [18], it is 
often observed in clinical practice that switching from 
TDF to TAF raises lipids, but the effect of TAF on lip-
ids has not been clearly understood so far. In this study, 
there was no effect of TAF on lipid profiles. By contrast, 
in our previous study, we examined the change in lipid 
profile by switching from B/F/TAF or F/TAF plus DTG 
to DTG/3TC and found an increase in HDL-c and a 
decrease in T-chol/HDL-c, suggesting that TAF may 
affect the lipid profile [10]. Further data are required to 
examine the causes of the discrepancy in these results. 
It may also be difficult to conclude whether switching 
to CAB plus RPV will improve the prognosis of PWH 
even if HDL-c increases compared with the use of oral 
antiretroviral drug, because an increase in HDL-c alone 
without a decrease in LDL-c may not be associated with 
a reduced the risk of the development of chronic inflam-
matory diseases [19].

This study has several limitations. First, the observation 
period is relatively short. However, concerning viremia 
and ISR, which can significantly impact inflammation, 
over 85% of virological failures in three pivotal clinical 
trials occurred within 8 months, aligning with the obser-
vation period in this study [11, 12, 20], and ISRs were 
most common after the first dose following the switch 
to CAB plus RPV, then decreased, and the frequency 
remained consistent after the third dose [12]. Second, the 
data of lipid profiles don’t entirely eliminate the impact 
of their diet on those levels. Finally, we did not evaluate 

inflammation-related biomarkers such as IL-6, sCD14 
or D-dimer, which have been reported to be associated 
with non-AIDS-related diseases in previous studies [1, 6]. 
This study was a secondary analysis of routinely collected 
clinical data, and IL-6, sCD14 and D-dimer were not rou-
tinely monitored; previous studies that evaluated inflam-
matory biomarkers using real-world data also evaluated 
CRP and CD4/CD8 ratio, which were measured in rou-
tine clinical practice [9].

In conclusion, there was no significant change in 
inflammatory biomarkers, but there was an improve-
ment in T-chol/HDL-c after switching from oral regimen 
to injectable CAB plus RPV in daily clinical practice. The 
efficacy and safety of injectable CAB plus RPV are not 
inferior to conventional oral ART when chronic inflam-
mation is the endpoint.
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ART  antiretroviral therapy
CRP  C-reactive protein
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sCD14  soluble CD14
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CAB plus RPV  Long-acting Cabotegravir plus rilpivirine
PWH  people with HIV
OLI  oral lead-in
HDL-c  high density lipoprotein cholesterol
LDL-c  Low-density lipoprotein cholesterol
T-chol  Total cholesterol
B/F/TAF  bictegravir/emtricitabine/tenofovir alafenamide
ANOVA  analysis of variance
TDF  tenofovir disoproxil fumarate

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12981-023-00590-4.

Additional file 1: Table. Demographic characteristics at baseline

Additional file 2: Figure. Changes in C-reactive protein after switching to 
cabotegravir plus rilpivirine. The changes in C-reactive protein after switch-
ing to cabotegravir plus rilpivirine in all participants (A), TAF-based regi-
men group (B), and DTG-based regimen group (C), respectively, are shown. 
Baseline, at the start of oral-lead-in; month 0, at the start of injectable 
cabotegravir plus rilpivirine. TAF, tenofovir alafenamide; DTG, dolutegravir

Acknowledgements
Not applicable.

Author contributions
EA carried out the project and drafted the manuscript. EA and MS performed 
the statistical analysis of the data. EA, AO, MS, MK and HY contributed to 
data analysis and responsible for patient care. MS revised the manuscript. All 
authors approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Data availability
The data that support the findings of this study are available on request from 
the corresponding author. The data are not publicly available due to privacy or 
ethical restrictions.

https://doi.org/10.1186/s12981-023-00590-4
https://doi.org/10.1186/s12981-023-00590-4


Page 6 of 6Adachi et al. AIDS Research and Therapy            (2024) 21:1 

Declarations

Ethics approval and consent to participate
Ethics approval was granted by the ethics board of the Institute of Medical 
Science, University of Tokyo (2022-48-1128).

Competing interests
EA received honorarium from ViiV Healthcare (Brentford, London UK).

Received: 8 November 2023 / Accepted: 21 December 2023

References
1. Kuller LH, Tracy R, Belloso W, De Wit S, Drummond F, Lane HC, et al. Inflamma-

tory and coagulation biomarkers and mortality in patients with HIV Infection. 
PLoS Med. 2008;5(10):e203.

2. Castillo-Mancilla JR, Brown TT, Erlandson KM, Palella FJ Jr., Gardner EM, Macat-
angay BJ, et al. Suboptimal adherence to combination antiretroviral therapy 
is Associated with higher levels of inflammation despite HIV suppression. Clin 
Infect Dis. 2016;63(12):1661–7.

3. Deeks SG, Tracy R, Douek DC. Systemic effects of inflammation on health 
during chronic HIV Infection. Immunity. 2013;39(4):633–45.

4. Kettelhut A, Bowman E, Funderburg NT. Immunomodulatory and anti-
inflammatory strategies to reduce comorbidity risk in people with HIV. Curr 
HIV/AIDS Rep. 2020;17(4):394–404.

5. Hamlyn E, Stöhr W, Cooper DA, Fisher M, Tambussi G, Schechter M, et al. The 
effect of short-course antiretroviral therapy initiated in primary HIV-1 Infec-
tion on interleukin-6 and D-dimer levels. Aids. 2015;29(11):1355–61.

6. Baker JV, Sharma S, Grund B, Rupert A, Metcalf JA, Schechter M, et al. Systemic 
inflammation, Coagulation, and clinical risk in the START Trial. Open Forum 
Infect Dis. 2017;4(4):ofx262.

7. Yamamoto S, Saito M, Nagai E, Toriuchi K, Nagai H, Yotsuyanagi H, et al. Anti-
body response to SARS-CoV-2 in people living with HIV. J Microbiol Immunol 
Infect. 2021;54(1):144–6.

8. Ramirez LA, Daniel A, Frank I, Tebas P, Boyer JD. Seroprotection of HIV-infected 
subjects after Influenza A(H1N1) vaccination is directly associated with 
baseline frequency of naive T cells. J Infect Dis. 2014;210(4):646–50.

9. Llibre JM, Cahn PE, Lo J, Barber TJ, Mussini C, van Welzen BJ, et al. Changes 
in inflammatory and atherogenesis biomarkers with the 2-Drug Regimen 
Dolutegravir Plus Lamivudine in antiretroviral Therapy-Experienced, virologi-
cally suppressed people with HIV-1: a systematic literature review. Open 
Forum Infect Dis. 2022;9(4):ofac068.

10. Adachi E, Ikeuchi K, Koga M, Yotsuyanagi H. Changes in inflammatory 
biomarkers when switching from three-drug regimens to Dolutegravir 
Plus Lamivudine in people living with HIV. AIDS Res Hum Retroviruses. 
2022;38(12):881–3.

11. Orkin C, Bernal Morell E, Tan DHS, Katner H, Stellbrink HJ, Belonosova E, et 
al. Initiation of long-acting cabotegravir plus rilpivirine as direct-to-injection 
or with an oral lead-in in adults with HIV-1 Infection: week 124 results of the 
open-label phase 3 FLAIR study. Lancet HIV. 2021;8(11):e668–e78.

12. Overton ET, Richmond G, Rizzardini G, Thalme A, Girard PM, Wong A, et al. 
Long-acting cabotegravir and rilpivirine dosed every 2 months in adults with 
human immunodeficiency virus 1 type 1 Infection: 152-Week results from 
ATLAS-2 M, a randomized, Open-Label, phase 3b, Noninferiority Study. Clin 
Infect Dis. 2023;76(9):1646–54.

13. Adachi E, Ikeuchi K, Koga M, Yotsuyanagi H. Background factors in people liv-
ing with HIV in Japan who switch to cabotegravir plus rilpivirine: a pilot study. 
J Infect Chemother. 2023;29(1):109–11.

14. Markowitz M, Frank I, Grant RM, Mayer KH, Elion R, Goldstein D, et al. Safety 
and tolerability of long-acting cabotegravir injections in HIV-uninfected men 
(ECLAIR): a multicentre, double-blind, randomised, placebo-controlled, phase 
2a trial. Lancet HIV. 2017;4(8):e331–e40.

15. Landovitz RJ, Donnell D, Clement ME, Hanscom B, Cottle L, Coelho L, et al. 
Cabotegravir for HIV Prevention in Cisgender men and Transgender women. 
N Engl J Med. 2021;385(7):595–608.

16. Hadrup SR, Strindhall J, Kollgaard T, Seremet T, Johansson B, Pawelec G, et 
al. Longitudinal studies of clonally expanded CD8 T cells reveal a reper-
toire shrinkage predicting mortality and an increased number of dys-
functional cytomegalovirus-specific T cells in the very elderly. J Immunol. 
2006;176(4):2645–53.

17. Serrano-Villar S, Sainz T, Lee SA, Hunt PW, Sinclair E, Shacklett BL, et al. HIV-
infected individuals with low CD4/CD8 ratio despite effective antiretroviral 
therapy exhibit altered T cell subsets, heightened CD8 + T cell activation, 
and increased risk of non-AIDS morbidity and mortality. PLoS Pathog. 
2014;10(5):e1004078.

18. Santos JR, Saumoy M, Curran A, Bravo I, Llibre JM, Navarro J, et al. The lipid-
lowering effect of tenofovir/emtricitabine: a randomized, crossover, double-
blind, placebo-controlled trial. Clin Infect Dis. 2015;61(3):403–8.

19. Tall AR. CETP inhibitors to increase HDL cholesterol levels. N Engl J Med. 
2007;356(13):1364–6.

20. Swindells S, Andrade-Villanueva JF, Richmond GJ, Rizzardini G, Baumgarten A, 
Masiá M, et al. Long-Acting Cabotegravir and Rilpivirine for maintenance of 
HIV-1 suppression. N Engl J Med. 2020;382(12):1112–23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Eisuke Adachi is an infectious disease physician specializing in HIV/AIDS 
and works at a university hospital in Tokyo, where he conducts research using 
specimens obtained from patients. 


	Brief communications: changes in inflammatory biomarkers and lipid profiles after switching to long-acting cabotegravir plus rilpivirine
	Abstract
	Introduction
	Methods and populations
	Results
	Discussions
	References


